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:LWK WKH FRQWLQXRXV GHYHORSPHQW RI ('$ WHFKQRORJ\ LWV DGYDQWDJH LQ HOHFWURQLF FRXUVHV WHDFKLQJ LQ FROOHJH DQG
XQLYHUVLWLHVLVEHFRPLQJLQFUHDVLQJO\SURPLQHQW7KHLQWURGXFWLRQRI7LQD3URWHFKQRORJ\LQWRWKHWHDFKLQJRI(OHFWURQLF
'HVLJQSXEOLFHOHFWLYHFRXUVHVLQFROOHJHVDQGXQLYHUVLWLHVFDQLPSURYHWKHQRQHOHFWURQLFVWXGHQWV¶LQWHUHVWLQJLQOHDUQLQJ









('$ (OHFWURQLF 'HVLJQ$XWRPDWLRQUHIHUV WR WKH HOHFWURQLF &$' JHQHUDOL]HG VRIWZDUH SDFNDJH WKDW LV
FRQVWUXFWHGRQWKHFRPSXWHUSODWIRUPDQGGHYHORSHGE\WKHLQWHJUDWLRQRIWKHODWHVWGHYHORSPHQWVRIDSSOLHG
HOHFWURQLF WHFKQRORJ\FRPSXWHU WHFKQRORJ\DQG LQWHOOLJHQW WHFKQRORJ\:LWK('$HOHFWURQLFHQJLQHHUVFDQ







'HVLJQ´&RQWHVW )RU UHPRWH ORFDO FROOHJHV WKH LQWURGXFWLRQ RI ($' FDQ DOVR EH HIIHFWLYH LQ UHGXFLQJ WKH
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H[SHULPHQWDO LQYHVWPHQW HDVH WKH SUHVVXUHV RI H[SHULPHQWDO HTXLSPHQW VKRUWDJH LQ ORFDO FROOHJHV DQG
XQLYHUVLWLHVGXH WR WKH LQFUHDVLQJHQUROOPHQW>@ ,QWURGXFLQJ WKH('$ WHFKQRORJ\ LQWRQRQHOHFWURQLFSXEOLF
HOHFWLYHFRXUVHVWKHQPDNHVWXGHQWVOHDUQ(OHFWURQLF'HVLJQLQDYLYLGDQGLQWXLWLYHSODWIRUPXQGHUVWDQGWKH








H[SHULPHQWDQGDQDO\VLV WKHVHHOHPHQWVKDYHEHHQ LQWHJUDWHG LQRQH V\VWHPDVDPDMRU V\VWHPRI WKH('$





'& DQDO\VLV LQVWDQWDQHRXV DQDO\VLV VLQXVRLGDO VWHDG\VWDWH DQDO\VLV )RXULHU DQDO\VLV WHPSHUDWXUH VZHHS
SDUDPHWHUVZHHSZRUVWFDVHDQG0RQWH&DUORVWDWLVWLFVWKDWRZQHGE\JHQHUDOVLPXODWLRQVRIWZDUHLWFDQDOVR
FDUU\RXW LQGH[GHVLJQRQRXWSXW SRZHU DQGRSWLPL]DWLRQ FDOFXODWLRQRQ WKHSDUDPHWHUV RI FLUFXLW HOHPHQWV
0RUHRYHU LW KDV D IXQFWLRQ RI V\PEROLF DQDO\VLV ZKLFK PHDQV WKDW LV FDQ SURYLGH WKH H[SUHVVLRQ RI WLPH
GRPDLQWUDQVLHQWSURFHVVRUIUHTXHQF\GRPDLQ WUDQVIHU IXQFWLRQ7LQD3URKDVWKHIXQFWLRQRI5)VLPXODWLRQ
DQDO\VLV DELOLWLHV WR GUDZ WKH SROH]HUR GLDJUDP SROH GLDJUDP SKDVRU GLDJUDP 1\TXLVW GLDJUDP DQG
RWKHUV>@
,Q WKHPDWWHURIGLJLWDOFLUFXLWDQDO\VLV7LQD3URVXSSRUWV9+'/ODQJXDJHKDYLQJ WKHIXQFWLRQVRI%86
DQG YLUWXDO FRQQHFWLRQ DQG VR RQ 7LQD 3UR DOVR KDV HLJKW YLUWXDO PHDVXULQJ LQVWUXPHQWV DSSDUDWXV DQG
FRPSRQHQWV DUH FRQQHFWHG E\ D YLUWXDO FRQQHFWLRQ WKH G\QDPLF SUHVHQWDWLRQ IXQFWLRQ RI YLUWXDOPHDVXULQJ
LQVWUXPHQWV VXFK DV PXOWL WUDFH RVFLOORVFRSH LV DQ H[FHOOHQW HOHFWURQLF WHDFKLQJ DLG 7LQD 3UR FDQ EH
FRQQHFWHG WR GDWD DFTXLVLWLRQ LQVWUXPHQW RI UHDOWLPH VLJQDO JHQHUDWRU WKHUHIRUH LW FDQ FRPSDUH UHDOWLPH
PHDVXUHPHQWZLWKYLUWXDOVLPXODWLRQUHVXOWWKXVLWLVRQHRIWKHIHZSUDFWLFDOSURGXFWVWRDFKLHYHWKLVIXQFWLRQ
,QDGGLWLRQ7LQD3URLVDOVRRQHRIWKHIHZPDWXUHVRIWZDUHZLWKVLPSOLILHG&KLQHVHLQWHUIDFH>@,WFDQSOD\





LQWHJUDWHG FLUFXLW FRPSRQHQWV 1RZ WKH 7LQD 3UR ZRUNLQJ SODWIRUP ZDV DGRSWHG WR FRQGXFW VLPXODWLRQ
H[DPSOHDQDO\VLVRQQRQHOHFWURQLFSXEOLFHOHFWLYHFRXUVHV











7KH FLUFXLW LQ )LJ VKRZV
  = M= + Ω    = M= + Ω    = M= + Ω 9* 8  9 9* 8  9 
WKHWKHRUHWLFDOFDOFXODWLRQYDOXHRI$0LV
$0 Ǆ$$0 Ǆ$$0 Ǆ$˗
=




&LUFXLW(VWDEOLVKPHQW7KH H[SHULPHQWDO FLUFXLW GLDJUDPDQDO\]HGZLWK WKHXVHRI7,1$ LV VKRZQ LQ
)LJ ,Q WKHGHVLJQ LQWHUIDFHRI7,1$ FOLFNHGRQ WKH UHTXLUHGFRPSRQHQWV IURP WKHFRPSRQHQWEDU%DVLF
0HWHUVWKHQFRQQHFWHGWKHFLUFXLWDFFRUGLQJWRWKHFLUFXLWGLDJUDPEHVXUHWRVHOHFWWKHUHIHUHQFHSRLQW7KHQ
FRPSOHWHGWKHSDUDPHWHUVHWWLQJRI9*ǃ9*ǃ = ǃ = ǃ = DFFRUGLQJWRWKHNQRZQFRQGLWLRQV
6LPXODWLRQ$IWHUWKHFRPSOHWLRQRISDUDPHWHUVHWWLQJPRYHGRQWRWKHVLQXVRLGDOVWHDG\VWDWHDQDO\VLVRI
WKHFLUFXLW




FXUUHQWGLUHFWLRQSDVVHG³ = ´ZLOOEHGHPRQVWUDWHGLQWKHFLUFXLWDQGDGLDORJXHER[ZLOOSRSXS WKHGLDORJ
ER[ZLOOGHPRQVWUDWHWKHYDOXHRI³ =8 ´WKH$&YROWDJHLV9DQGLWVSKDVHLVǄDVVKRZQLQ)LJ
6LPLODUO\ WKH YDOXH RI ³ =8 ´VKRZV WKH$&YROWDJH LV9 DQG LWV SKDVH LVǄ DQG WKH YDOXH RI
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  3KDVRU GLDJUDP&OLFNHG RQ WKH DQDO\VLV LQPHQX EDU FKRVH ³$& DQDO\VLV  3KDVRU'LDJUDP´ WKHĹ
SKDVRUGLDJUDPRILQSXWVLJQDO$0$P$PVKRZQLQ)LJZLOOSRSXS







WKH VLQXVRLGDO VWHDG\VWDWH DQDO\VLV WKH FXUUHQW GLUHFWLRQ DQG WKH UHODWLRQVKLSEHWZHHQ WLPH DQGRXWSXWZLOO
YLVXDOO\DSSHDULQVWXGHQWV¶PLQG)XUWKHUPRUHLWFDQVDYHPXFKWLPHIRUPDQ\(OHFWURQLF'HVLJQVWKDWFDUU\
RXWKDUGZDUHFLUFXLWWHVWDIWHUWKHVLPXODWLRQYHULILFDWLRQWKXVLPSURYLQJWKHVXFFHVVUDWHRIFLUFXLWGHVLJQDV
ZHOO DV VWXGHQWV¶PDQLSXODWLYH DELOLW\ DQG LQQRYDWLRQ DELOLW\PRUHRYHU WKH XVLQJ RI 7LQD 3UR FDQPDNH D





VROYHVPDQ\SUDFWLFDOSUREOHPV VWXGHQWVZLOOKDYHDPRUH LQWXLWLYHXQGHUVWDQGLQJRI WKHDEVWUDFWHOHFWURQLF
FRXUVHVWKURXJK('$SODWIRUPDQGDQHZXQGHUVWDQGLQJRIVFLHQFHOHDUQLQJWKXVLPSURYLQJWKHLULQWHUHVWVDW
WKH VDPH WLPH WKH DSSOLFDWLRQ RI ('$ DOVR KDV D VLJQLILFDQW PHDQLQJ LQ FXOWLYDWLQJ VWXGHQWV¶ DELOLWLHV LQ
LQQRYDWLRQDQGPDQLSXODWLRQ
$FNQRZOHGJPHQW
)XQG ,WHPV 7KH NH\ VXSSRUWLQJ GLVFLSOLQHV LQ *XL]KRX 3URYLQFH LVVXHG E\ WKH GHSDUWPHQW RI KLJKHU
HGXFDWLRQLQ*XL]KRX>@1R
5HIHUHQFHV




>@ /L/LDQJURQJ=KDR;LDROLQ ('$ DQG(OHFWURQLF'HVLJQ7HDFKLQJ >-@ -RXUQDO RI*XL]KRX8QLYHUVLW\
1DWXUDO6FLHQFH
>@*X/LDQJ*XLGHWR&LUFXLW6LPXODWLRQ6RIWZDUH7LQD3UR>0@%HLMLQJ&HQWUDO5DGLR	798QLYHUVLW\
3UHVV
